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Abstract
We present a ‘global’ description of the wide variety of high energy elastic and diffrac-
tive data that are presently available, particularly from the LHC experiments. The model
is based on only one pomeron pole, but includes multi-pomeron interactions and, sig-
nificantly, includes the transverse momentum dependence of intermediate partons as a
function of their rapidity, which provides the rapidity dependence of the multi-pomeron
vertices. We give predictions for diffractive observables at LHC energies.
1 Introduction
High energy diffractive processes caused by pomeron exchange are usually described within the
framework of Reggeon Field Theory (RFT) [1]. In the simplest case the high energy elastic
scattering amplitude (and correspondingly the total cross section) is parametrised by single
pomeron exchange, where the trajectory of this effective ‘soft’ pomeron reads1
αP (t) = 1 + ∆ + α
′
P t , (1)
with ∆ = 0.08 and α′P = 0.25 GeV
−2 [2].
1More recent fits slightly change the values of ∆ and α′P , but the precise values are not important for our
discussion.
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However, already two-particle s-channel unitarity generates a series of non-enhanced multi-
pomeron diagrams leading to the eikonal approximation, in which the elastic amplitude in
impact parameter, b, space is of the form
Tel = i(1− e−Ω/2) , (2)
where the opacity Ω(s, b) plays the role of the phase-shift, δl, of the (partial wave) amplitude
with orbital momentum l = b
√
s/2 with Ω/2 = 2iδl. To be precise, (2) is the solution of the
s-channel unitarity equation.
2Im Tel(b) = |Tel(b)|2 +Ginel(b) , (3)
where Ginel is the sum of the inelastic contributions. As usual,
√
s is the c.m. energy. Hence
we have
σtot(s, b) = 2(1− e−Ω/2) (4)
σel(s, b) = (1− e−Ω/2)2, (5)
σinel(s, b) = 1− e−Ω. (6)
To account for the possibility that the proton may dissociate into low mass states, such
as p → N∗, we follow Good-Walker [3] and introduce a multi-channel eikonal. That is, we
decompose the proton state, |p〉 into the G-W diffractive eigenstates |φi〉 (|p〉 =
∑
ai|φi〉)
which undergo elastic scattering only,
〈φi|T |φk〉 = 0 for i 6= k , (7)
leading to a multi-channel eikonal Ωik, where the indices i and k now correspond to the beam
and to the target protons.
Such an approach accounts for the rescattering of the incoming partons. However, from the
microscopic point of view, pomeron exchange is described by a set of ladder-type diagrams.
(This is true for both the ‘hard’ BFKL pomeron and the ‘soft’ multiperipheral pomeron.) So
we cannot exclude the rescattering of the intermediate partons (produced during the evolution
inside this ladder). In terms of RFT these effects are described by triple- and multi-pomeron
vertices (with couplings g12 and g
n
m respectively); that is by the pomeron-pomeron interactions.
Recall that in conventional RFT it was assumed that all the transverse momenta are limited
and that the Reggeon trajectories and the couplings (including those for the multi-pomeron
vertices) do not depend on incoming energy,
√
s. This framework allowed a satisfactory de-
scription of the available diffractive data up to the Tevatron energy. However the new LHC
data start to signal some problems2:
2Some of these problems are also noted in Ref. [4].
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• The total cross section and the t-slope of elastic scattering grow a bit faster than was
expected based on the simplified DL parametrisation (1). Indeed, the DL fit predicts
σtot = 90.7 mb at
√
s = 7 TeV, while TOTEM observes 98.6±2.2 mb [5]. The elastic
slope was measured at the Tevatron (
√
s = 1.8 TeV) to be Bel = 16.3 ± 0.3 GeV−2
by the E710 experiment [6] and to be Bel = 16.98 ± 0.25 GeV−2 by the CDF group
[7]. Even starting from the CDF result, and using the α′P = 0.25 GeV
−2, we expect
Bel = 16.98+4×0.25× ln(7/1.8) = 18.34 GeV−2 at 7 TeV, while TOTEM finds 19.9±0.3
GeV−2 [5].
• On the other hand, the preliminary values of cross section of diffractive dissociation,
measured by TOTEM, turns out to be lower than that expected based on conventional
RFT.
• Simultaneously, a growth of the mean transverse momenta of secondaries, with collider
energy, is observed.
In the present paper we study, within RFT, the possibility that the transverse momentum,
kt, increases with energy. Can the growth of kt explain the new features of the diffractive
events observed at the LHC? The aim is not to reach a perfect quantitative description of the
experimental data, but rather to understand the characteristic properties of high energy strong
interactions.
Bearing in mind the relatively small values of the triple- and multi-pomeron couplings,
we start with the simplest Reggeon diagrams. We include the absorptive (gap survival) effects
caused by the eikonal and we consider the role of the increasing transverse momenta, which leads
to a decrease of the pomeron (and multi-pomeron) couplings, which are proportional to 1/kt.
To make the discussion more transparent, we will not include explicitly the enhanced diagrams
(which account for the rescattering of the intermediate ladder partons). The role of these
diagrams is mainly to renormalize (diminish) the intercept of the original (bare) pomeron and
to enlarge the characteristic transverse momentum which arises from the stronger absorption
of the partons with low kt. Therefore we will use renormalised parameters of the pomeron
trajectory (determined by fitting to the data), and a reasonable assumption for the energy and
rapidity behaviour of kt.
2 The high energy diffractive data
At the moment, data for diffractive processes are available at 7 TeV, mainly from the TOTEM
collaboration. TOTEM have measured the total and elastic cross sections (in a wide t interval
including the dip region) [8, 5], the cross section of a low-mass (MX < 3.4 GeV) diffractive
single (pp → p + X) [9] and double (pp → X1 + X2) [10] dissociation; and made preliminary
measurements of high-mass single proton dissociation, σSD, integrated over the three intervals
of MX : namely (3.4, 8); (8, 350); (350, 1100) GeV [11]. In addition we have the inelastic cross
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sections and the cross sections of events with a Large Rapidity Gap (LRG) measured by the
ATLAS [12], CMS [13] and ALICE [14] collaborations.
Formally the data from different groups do not contradict each other, since they are mea-
sured for different conditions. However there appear to be several tensions between the data
sets..
• First, it is not easy to accommodate simultaneously the TOTEM result for σSD and the
yield of LRG events observed by ATLAS/CMS; see the discussion in Sections 4.2 and 5.3
and in footnote 12. An analogous problem is described in the next bullet point below.
• Moreover, the TOTEM σSD cross section looks too small in comparison with the value
of dσSD/dξdt cross section measured by CDF at Tevatron energy, as given in [15]. In
particular, at
√
s = 1.8 TeV, with a proton momentum fraction transferred through the
pomeron of ξ = 1− xL = 0.01 and −t = 0.05 GeV2, the CDF collaboration claim
dσ/d ln ξdt ' 2 mb/GeV2, (8)
while TOTEM at
√
s = 7 TeV gives about3 1.2 mb/GeV2, for the same mass of the
diffractive state, MX ∼ 100−200 GeV. That is, TOTEM has a cross section about factor
1.7 smaller than CDF. On the other hand, naively, we would expect that the value of the
diffractive dissociation cross section to increase with energy.
• Next the cross section dσSD/d ln ξ in the first (3.4 to 8 GeV) MX interval is more than
twice larger than that in the central interval. (Indeed, dividing the TOTEM preliminary
cross sections presented in Table 1 by the size of the lnM2 intervals (1.71 and 7.56)
we find dσSD/d ln ξ = 1.05 mb and 0.44 mb for the first and the second mass intervals
respectively.) Of course, according to the triple-Regge formula, a pomeron intercept
αP (0) > 1 leads to an increase of the cross section when ξ decreases, but by the same
argument we have to observe a larger cross section at the LHC than at the Tevatron, for
the same value of MX , contrary to the data.
• An analogous problem is observed for low-mass dissociation, where the cross section,
σlowMXSD , was about 30% of the elastic cross section at CERN-ISR and fixed target energies
[16], whereas it turns out to be only 10% at the LHC [9].
All these puzzles may be explained semi-quantitatively by the fact that the values of the
pomeron couplings are not fixed, but decrease with energy due to the growth of kt of the
intermediate partons along the pomeron exchange ladder.
3To obtain this estimate we have divided the cross section (3.3 mb for single proton dissociation of both
incoming protons) measured in the central 8 < MX < 350 GeV interval by the size (∆ lnM
2
X = 7.56) of the
rapidity interval, and accounted for the corresponding t-slope (B = 8.5 GeV−2) observed by TOTEM [11]. Thus
we obtain dσSD/d ln ξdt = (3.3 mb/2/7.56)× 8.5 GeV−2 × exp(−8.5× 0.05) = 1.2 mb/GeV2.
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We attempt a simultaneous description of all these data within a two-channel eikonal frame-
work, together with multi-pomeron interactions. We discuss elastic and low-mass dissociation
in the next Section. Then in Sections 4 and 5 we discuss the description of data for high-mass
single dissociation and double dissociation respectively. Although these discussions may seem
to be self-contained analyses, we emphasize that they are just parts of a single ‘global’ descrip-
tion. We give a discussion in Section 6, together with a summary of model predictions of high
energy diffractive observables.
3 Elastic scattering and low-mass dissociation
These quasi elastic processes are described in terms of the Good-Walker formalism in which
both of the incoming proton states are expressed as a linear sum over the diffractive eigenstates,
|p〉 = ∑i ai|φi〉.
3.1 Description of elastic scattering
In terms of the G-W framework, the differential elastic cross section takes the form
dσel
dt
=
1
4pi
∣∣∣∣∣
∫
d2b eiqt·b
∑
i,k
|ai|2|ak|2 (1− e−Ωik(b)/2)
∣∣∣∣∣
2
, (9)
where −t = q2t and the opacity is driven by one-pomeron-exchange (between states φi and φk
in the b-representation)
Ωik(s, b) =
∫
d2qt
4pi2
Ωik(s, qt)e
iqt·b (10)
with
Ωik(s, qt) = g
N
i (t)g
N
k (t)
(
s
s0
)αP (t)−1
. (11)
We use a two-channel eikonal; that is, two G-W diffractive eigenstates i, k = 1, 2. The normal-
ization, ImT = sσ, is such that the pomeron-nucleon couplings
gNi = γi
√
σ0Fi(t), (12)
where the form factors satisfy Fi(0) = 1. Thus the cross section for the interaction of eigenstates
φi and φk, via one-pomeron-exchange, is
σik = σ0γiγk(s/s0)
∆. (13)
The form factors are parametrized as
Fi(t) = exp((−bi(ci − t))di + (bici)di). (14)
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The ci term is added to avoid the singularity t
di in the physical region of t < 4m2pi. Note that
Fi(0) = 1.
The parameters bi, ci, di, together with the intercept and slope of the pomeron trajectory
are tuned to describe the elastic scattering data, paying particular attention to the energy
behaviour of low mass dissociation cross section. We first discuss the description of the elastic
data. In order to correctly describe the dip region we must include the real part of the amplitude.
We use a dispersion relation. For the even-signature pomeron-exchange amplitude this means
A ∝ sα + (−s)α and so we have Re A
Im A
= tan(piα/2), (15)
that is the usual signature factor. This formula is transformed into b-space, so that the complex
opacities, Ωik(b) in (10) can be constructed. For each value of b, that is for each partial wave
l, we calculate α and determine Re A from (15).
In order to reproduce the cross section in the diffractive dip region we find that the form
factors, (14) have to have powers d1 = 0.52 and d2 = 0.51, close to the form used long ago
by Orear et al., F = exp(−b√t) [17]. The values of the other parameters are c1 = 0.35, c2 =
0.25, b1 = 4.7, b2 = 4.1 in GeV units. In addition we take |a1|2 = 0.265, with |a2|2 = 1 −
|a1|2, and σ0 ≡ (gN(0))2 = 57 mb, where gN(t) is the proton-pomeron coupling The resulting
description of the elastic data is shown in Fig. 1.
The description of the proton-antiproton scattering at large |t| > 0.6 GeV2 is not perfect.
This may be caused by the fact that we do not include secondary reggeon contributions. We
also are not considering here a possible Odderon exchange contribution.
3.2 Description of low-mass dissociation
The next part of the ‘global’ description that we discuss is low-mass dissociation. Here the
experimental information is a puzzle in that the cross section σlowMXD goes from about 2 − 3
mb at the CERN-ISR energy4 of 62.5 GeV to only 2.6 ± 2.2 mb at 7 TeV at the LHC [9].
Thus σlowMXD is about 30% of σel at 62.5 GeV and only about 10% at 7 TeV, whereas we would
expect these percentages to be about the same for single pomeron exchange. This problem was
discussed in [18], and its resolution involves more understanding of the decomposition of the
G-W diffractive eigenstates |φi〉.
First, recall some properties of the Good-Walker framework. If, for simplicity, we fix state
k and consider the dissociation of only one proton |p〉 = ∑i ai|φi〉, then
σel = |〈p|T |p〉|2 =
(∑
i
|ai|2 Ti
)2
= 〈T 〉2, (16)
4The relevant experimental references are listed in [18].
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 dσ
el/dt  (mb/GeV2)
-t  (GeV2)
ISR pp at 62.5GeV   (x100)
LHC (x0.1) CERN (Sp
_
pS)
546 GeV  (x10)
Tevatron
1.8 TeV(x1)
Figure 1: The description of pp or (pp¯) elastic data. The references to the pre-LHC elastic data
can be found in [18]. Here LHC refers to 7 TeV and the data are from [8, 5]
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where 〈T 〉 denotes the average of Ti over the probability distribution of the diffractive eigen-
states. On the other hand, if we include both the elastic process and proton dissociation,
then
σel + σSD =
∑
i
|〈φi|T |p〉|2 =
∑
i
|ai|2 T 2i = 〈T 2〉. (17)
That is, the cross section for dissociation,
σSD = 〈T 2〉 − 〈T 〉2, (18)
is given by the dispersion of the scattering amplitude, T . If all the components of the initial
proton are absorbed equally, then the diffracted superposition is equal to the initial one and
the dissociation cross section is zero.
The generalisation to double dissociation is straightforward. For completeness we give the
full expressions for the elastic and the ‘total’ low-mass diffractive cross sections (analogous to
(16) and (17) respectively)
σel =
∫
d2b
∣∣∣∣∣ ∑
i,k
|ai|2|ak|2 (1− e−Ωik(b)/2)
∣∣∣∣∣
2
, (19)
σel+SD+DD =
∫
d2b
∑
i,k
|ai|2|ak|2
∣∣(1− e−Ωik(b)/2)∣∣2 , (20)
where SD includes the single dissociation of both protons. So the low-mass diffractive dissoci-
ation cross section is
σlowMD = σel+SD+DD − σel. (21)
We are now ready to resolve the puzzle of the energy dependence of σlowMXD . The pomeron-
eigenstate |φi〉 coupling is driven by the impact parameter separation, 〈r〉, between the partons
in the |φi〉 state. The well known example is so-called colour transparency, where the cross
section σ ∝ α2s〈r2〉 [19, 20, 21, 22]. However, if the transverse size of the pomeron becomes
much smaller than this separation, then the cross section (and coupling) will be controlled by
the pomeron size, that is by the characteristic kt in the pomeron ladder. In this limit σ ∝ 1/k2t .
Therefore it is natural to choose the following parametrization for the pomeron-|φi〉 couplings
γi ∝ 1
k2P + k
2
i
, (22)
where the γi are defined in (12), with the normalization (γ1 + γ2)/2 = 1. Here kP is the
characteristic transverse momentum of the pomeron,which we expect to behave as
k2P = k
2
P0
(
sx20
s0
)D
. (23)
In other words, during the evolution in ln(1/x), due to the BFKL diffusion in ln k2t [23], the
square of the characteristic momentum k2P grows as a power D of 1/x. Of course, we do not
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expect that the whole available ln(1/x) (rapidity) space will be subject to diffusion. Rather,
we assume, that as x decreases, the diffusion starts from some relatively low x = x0 parton
with x0 = 0.1. That is, the rapidity space available for the ln k
2
t diffusion is not ln(s/s0), but is
diminished by ln(1/x0) from both sides. (As usual we use s0 = 1 GeV
2.) The typical transverse
momentum of this (starting) parton, inside the state φi, is denoted by ki in (22). In our ‘global’
model description we take D = 0.28. The value of D is related to the s∆ behaviour, with
∆ = 0.2 − 0.3, of resummed BFKL, which is mentioned in Section 3.3 below. However, the
relation is not direct. Rather, it is some approximation of the resummed BFKL diffusion in
ln kt. For this reason we keep D as a free parameter.
The parametrisation of γi in (22) is such that at very large energies all the γi tend to the
same value, so the dispersion shown in (18) decreases leading to a smaller probability of low-
mass proton dissociation, while at lower energies we tend to the naive expectation γi ∝ 1/k2i .
Actually the value of the additional transverse momenta kP in (22) turns out to be rather small
in the fit to the data – kP/k1 = 0.35 and kP/k2 = 0.17 at
√
s = 1800 GeV. Nevertheless the
dissociation is slowed sufficiently with increasing energy such that we achieve values of the cross
section σlowMXD which are compatible with the data – namely, we find the model gives 2.6 mb
at
√
s = 62.5 GeV, and 3.8 mb at
√
s = 7 TeV.
3.3 Parameters of the ‘effective’ pomeron trajectory
In the present approach we do not account explicitly for enhanced absorptive effects, which
would renormalize the pomeron trajectory. Instead, we deal with an effective renormalized
pomeron. Therefore it is not surprising that the value ∆ = 0.12 found for the effective pomeron
is larger than 0.08 (the value obtained when the amplitude was parametrized by one-pole-
exchange without any multi-pomeron corrections [2]), but is smaller than the intercept, ∆ ∼
0.2 − 0.3, expected for the bare pomeron of the resummed NLL(1/x) BFKL approach [24, 25,
26]. Indeed, in comparison with the simple model, we explicitly account for the non-enhanced
eikonal absorption which suppresses the growth of the amplitude with energy. Therefore to
describe the same data we need a larger intercept (∆ = 0.12). On the other hand, since we do
not explicitly include the enhanced diagrams (which would also slow down the growth of the
cross section in the eikonal approach) we anticipate a smaller effective intercept than that given
by resummed BFKL. Similar arguments apply to the slope of the effective trajectory, leading
to a value5 (α′ = 0.05 GeV−2) intermediate between the BFKL prediction (α′ >∼ 0) and the old
one-pole parametrization [2] (α′ = 0.25 GeV−2).
4 High-mass dissociation
The process pp → X + p, where one proton dissociates into a system X of high-mass M is
conventionally studied in terms of the triple-pomeron coupling, shown as the dot between the
5Besides the constant slope, α′, of the pomeron trajectory, we insert the pi-loop contribution as proposed in
[27], and as implemented in [28]
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Sik Sik
k
b1
b2
i
t
(a) (b)
Figure 2: (a) A schematic diagram showing the notation of the impact parameters arising in the
calculation of the screening corrections to the triple-pomeron contributions to the cross section; (b)
a symbolic diagram of multi-pomeron effects.
dashed lines in Fig. 2(a). In the absence of absorptive corrections, the corresponding cross
section is given by
M2dσSD
dtdM2
=
g3P (t)gN(0)g
2
N(t)
16pi2
( s
M2
)2α(t)−2 (M2
s0
)α(0)−1
, (24)
where gN(t) is the coupling of the pomeron to the proton and g3P (t) is the triple-pomeron
coupling. The value of the coupling g3P is obtained from a triple-Regge analysis of lower
energy data. Mainly they are the data on proton dissociation taken at the CERN-ISR with
energies from 23.5→ 62.5 GeV.
The problem, with the above determination of g3P , is that the value obtained is actually an
effective vertex with coupling
geff = g3P 〈S2〉 (25)
which already includes the suppression S2(b) = exp(−Ω(b)) – the probability that no other
secondaries, simultaneously produced in the same pp interaction, populate the rapidity gap
region denoted by the + sign in pp → X + p. Recall that this survival factor S2 depends on
the energy of the collider. Since the opacity Ω increases with energy, the number of multiple
interactions, N ∝ Ω, grows6, leading to a smaller S2. Thus, we have to expect that the naive
triple-pomeron formula with the coupling [29, 30], measured at relatively low collider energies
will appreciably overestimate the cross section for high-mass dissociation at the LHC. A more
precise analysis [31] accounts for the survival effect S2eik caused by the eikonal rescattering of
the fast ‘beam’ and ‘target’ partons. In this way, a coupling g3P about a factor of 3 larger than
geff is obtained, namely g3P ' 0.2gN , where gN is the coupling of the pomeron to the proton.
The analysis of Ref. [31] enables us to better allow for the energy dependence of S2eik.
6This is because at larger optical density Ω we have a larger probability of interactions.
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To account for the absorptive effect, it is easier to work in the impact parameter, b, repre-
sentation. To do this we follow the procedure of Ref. [31]. We first take Fourier transforms
with respect to the impact parameters specified in Fig. 2(a). Then (24) becomes
M2dσik
dtdM2
= A
∫
d2b2
2pi
eiqt·b2Ωi(b2)
∫
d2b3
2pi
eiqt·b3Ωi(b3)
∫
d2b1
2pi
Ωk(b1), (26)
where Ωi(b) is the opacity corresponding to the interaction of eigenstate φi with a intermediate
parton placed at the position of the triple-pomeron vertex, while Ωk(b) describes the opacity
of eigenstate φk from the proton which dissociates and interacts with the same intermediate
parton. The normalization constant
A = pi2/2g2N(0). (27)
After integrating (26) over t, the cross section becomes
M2dσik
dM2
= A
∫
d2b2
pi
∫
d2b1
2pi
|Ωi(b2)|2Ωk(b1) · S2ik(b2 − b1), (28)
where here we have included the screening correction S2ik, which depends on the separation in
impact parameter space, (b2 − b1), of states φi, φk coming from the incoming protons
S2ik(b2 − b1) ≡ exp(−Ωik(b2 − b1)). (29)
If we now account for more complicated multi-pomeron vertices, coupling m to n pomerons,
and assume an eikonal form of the vertex with coupling
gmn = (gNλ)
m+n−2, (30)
then we have to replace Ωi by the eikonal elastic amplitude and Ωk by the inelastic interaction
probability. That is, instead of Ωi(b2) and Ωk(b1), we put
Ωi → 2(1− e−Ωi(b2)/2), Ωk → (1− e−Ωk(b1)). (31)
Fig. 2(b) symbolically indicates multi-pomeron couplings. In (30), gN is the proton-pomeron
coupling and λ determines the strength of the triple-pomeron coupling.7
7In comparison with the (10,11) expressions the formula for Ωi contains an additional factor λ/pi, that is
we use (10) with Ωi(t) = g
N
i (t)g3P (t) exp(∆yi(αP (t) − 1))/pi = gNi (t)λgN (0) exp(B3P t + ∆yi(αP (t) − 1))/pi
where we assume the exponential dependence of g3P (t) ∝ exp(B3P t) (for the each pomeron leg; see eqs.(4.6)
and (4.7) of [31]). Here ∆yi is the rapidity interval between the proton (i) and the triple-pomeron vertex
(intermediate parton); pi in the denominator comes from the definition of the multi-Reggeon couplings; see
an extra pi (1/16pi2 and not 1/16pi as in usual elastic cross section) in (24). t dependence of the vertex is
parametrized by conventional exponent with the slope B3P = 0.7 GeV
−2 for each pomeron leg which is in
agreement with the last H1 data on diffractive J/ψ production with the proton dissociation [32] and with the
results (B3P < 1/GeV
2 is small) of the previous triple-Regge analysis [30, 31].
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4.1 Implications of the TOTEM data for σSD at high mass
There are indications that the data for high-mass dissociation are not in agreement with the M
and s dependence expected from the form of M2dσ/dtdM2, based on (24), assuming a constant
λ. From (24) we see that the cross section should increase with decreasing M2 as
(1/M2)2αP (t)−αP (0)−1 ∼ (M2)−∆. (32)
However, the preliminary TOTEM data at
√
s = 7 TeV, give cross sections integrated over
the 3.4 < M < 8 and 8 < M < 350 GeV mass intervals of 1.8 and 3.3 mb respectively [11].
This translates into a cross section M2dσ/dtdM2 more than twice (∼ 2.4) smaller for M values
in the second as compared to the first mass interval, whereas (32) predicts only about a 60%
increase. This observation indicates that the value of λ (which specifies the multi-pomeron
coupling) should be smaller in the second mass interval. Secondly, since αP (0) > 1, the cross
section for fixed M2 should increase with energy (
√
s). On the other hand, the TOTEM result
is about factor 1.7 less than that measured by CDF at the Tevatron (
√
s = 1.8 TeV). Of course
at the higher LHC energy we have a stronger suppression caused by the gap survival factor S2ik
(which was not included in the simplified expression (24)), but this is not enough to explain
the discrepancy. (Note that the eikonal S2 suppression is rather well fixed after the model was
tuned to describe the elastic scattering and low-mass dissociation data.)
So we have phenomenological arguments in favour of introducing some energy dependence of
λ, which specifies the multi-pomeron couplings via (30). Since the gmn coupling is a dimensionful
quantity and the characteristic transverse momenta of the intermediate partons inside the
pomeron ladder (i.e. the size of the pomeron) depend on the rapidity of corresponding partons,
it looks natural to take
λ ∝ 1/k2t (y) . (33)
The diffusion in lnk2t occurs from both the beam and target sides of the ladder. Following (23)
we take k2T ∝ (x0/x)D for diffusion from one side and k2T ∝ (x0/x′)D from the other side, where
xx′s = 〈m2T 〉, which we take equal to s0 = 1 GeV2. So we parametrize kt(y) by
k2t = k
2
0
((x0
x
)D
+
(x0
x′
)D)
, (34)
where we take the same D = 0.28 and evolve from the same starting point x0 = 0.1 as (23) for
γi of (23). We calculate x
′ as x′ = s0/xs with s0 = 1 GeV2. If x > x0 we replace the x0/x ratio
by 1, and similarly for x′.
After we introduce the dependence of the multi-pomeron couplings on x, via (33) and (34),
the values obtained for the single proton dissociation cross section (integrated over the three
mass intervals used by TOTEM [11]) are shown in Table 1. We see that the agreement with
the mass dependence of the TOTEM data is now satisfactory. The t-slopes, defined by
dσSD/dt ∝ e−B|t|, (35)
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Mass interval (GeV) (3.4, 8) (8, 350) (350, 1100)
Prelim. TOTEM data 1.8 3.3 1.4
Present model 2.3 4.0 1.4
Table 1: The values of the cross section (in mb) for single proton dissociation (integrated over the
three indicated mass intervals) as observed by TOTEM [11], compared with the values obtained in
the present model. Recall that TOTEM claims that their preliminary measured cross sections have
about 20% error bars.
evaluated, using the present model, for the interval 0.02 < |t| < 0.1 GeV2, for the three mass
TOTEM intervals are B = 8.5, 7.2, 6.0 GeV−2 respectively (the preliminary TOTEM slopes
are B = 10.1, 8.5, 6.8 GeV−2; in agreement with the theoretical results within the experimental
15% error bars.) .
To obtain the model predictions listed in Table 1, we have included in the last mass interval
the contribution of the secondary RRP term using the value of the RRP vertex found in the
triple-Regge fit of [31]. In the other two mass intervals such a contribution is negligible (less
than 0.02 mb). We do not include the PPR contribution since it is dual to the low-mass proton
excitations, which in our approach are accounted for in terms of the G-W diffractive eigenstates.
In the present analysis we have taken λ of (30) to be energy dependent, However, we find
λ = 0.18 at relatively low energies when both x > x0 and x
′ > x0 such that λ ceases to be
energy dependent. This value is in agreement with the previous triple-Regge analysis of [30, 31].
4.2 Tension between high-mass single dissociation data
Although TOTEM have made the most detailed observations of high-mass single proton dis-
sociation in high energy pp collisions, the present ‘global’ diffractive model has been tuned to
simultaneously describe the TOTEM data together with earlier measurements of single dissoci-
ation. Here we compare with the description of measurements made by CDF at the Tevatron,
and, later, in Section 5.3, we show the description of information obtained by ATLAS [12].
The comparison of the model with the cross section of single proton dissociation observed
by the CDF collaboration at
√
s = 1800 TeV and −t = 0.05 GeV2 is shown in Fig. 3. We see
that the agreement with the CDF data is not particularly good. However, note that: (a) there
is some tension between the TOTEM data on the one hand, and CDF results (as well as those
of ATLAS and CMS) on the other hand, which enforce us to tune the parameters in such a way
that we overestimate the TOTEM single dissociation data, but simultaneously underestimate
CDF, ATLAS and CMS cross sections, (b) actually these results were not published by the
CDF collaboration, but were published in a separate paper by Goulianos-Montanha [15] and a
normalization uncertainty of about 10 - 15% were not included in the error bars.
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ξd2σ/dtdξ (mb/GeV2)
√s=1800 GeV
-t=0.05 GeV2
ξ
Figure 3: The comparison of the model with data for single proton dissociation measured by the
CDF collaboration, given in [15] but not including a normalisation uncertainty of about 10-15%.
The inclusion of the secondary Reggeon contribution RRP is responsible for the rise of the curve for
ξ increases.
5 Factorisation and Double Dissociation
The recent TOTEM measurement of high energy double dissociation [10] opens the way to
study the relation between elastic, single dissociation and double dissociation cross sections.
5.1 Naive factorisation
Within the framework of RFT, the simplest Reggeon diagram which describes the cross section
of high-mass diffractive double dissociation at high energies is the pomeron exchange diagram
shown in Fig. 4(a). As clear from Fig. 4, it is natural to expect the factorization relation
dσDD
dtdη1dη2
=
dσSD
dtdη1
dσSD
dtdη2
/
dσel
dt
. (36)
to be valid. Note that relation (36) is written for the differential cross section for some fixed
value of the square of the momentum transfer t, and not for the cross sections integrated over
t. The corresponding naive integrated factorisation relation is
σDD =
(σSD)
2
σel
or
σDD σel
(σSD)2
= 1, (37)
where here σSD is the single dissociation cross section from one proton, not the sum of both
dissociations. Before we compare the factorisation relation with the cross sections obtained by
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ba 
(a) (b) (c) 
Figure 4: A pictorial representation of the naive factorization formulae of (37) and (36), resulting
from the simplest pomeron exchange diagrams for (a) DD, (b) SD*SD and (c) elastic ac scattering.
It is convenient to evaluate the dissociation cross sections in impact parameter space, so we also
show the variables bi.
the TOTEM collaboration at
√
s = 7 TeV, we must include some obvious violations expected
for the naive form (37).
First, the relation is violated by the different t-slopes, B, of the elastic, single and double
dissociation cross sections. Indeed, at 7 TeV the corresponding slopes are: Bel ' 20 GeV−2[8, 5],
BSD ' 10 GeV−2 for the lowest mass interval8 in [11], and the estimated slope
BDD ' 2B3P + 2α′P |η1 − η2| = 2.4 GeV−2. (38)
corresponding to the TOTEM experimental kinematics with |η1−η2| ∼ 10. For the estimate of
BDD we take the value α
′
P = 0.05 GeV
−2 obtained in Section 3.3 to describe the elastic proton-
proton cross section, and we put the slope of the triple-pomeron vertex B3P = 0.7 GeV
−2. Thus
we already expect a violation of the naive relation (37) by a factor B2SD/BelBDD ∼ 2.
More serious are the role of the eikonal rapidity gap survival factors S2eik. Both the single
and the double dissociative cross sections are suppressed by S2. However, S2SD enters (37) as the
square of S2SD, while S
2
DD enters as the first power. The elastic scattering cross section, which re-
sults from unitarity, has no explicit S2 suppression, but, after accounting for the multi-pomeron
diagrams, its value becomes less than that given by single pomeron pole exchange. Using the
‘elastic’ parameters of our model (given in Section 3.1) we find a suppression of dσ/dt|t=0 by a
factor of about 6.8. Moreover, double dissociation occurs typically at somewhat larger values
of the impact parameter, b, so S2DD > S
2
SD, see, for example, [28]. These observations all lead
to the left-hand-side being larger than the right-hand-side of (37).
Thus, it is not a surprise to find sizeable breaking of naive factorisation. The question is
whether we can account for the actual observed size of the breaking. Using the present model
8To be specific, the preliminary values of the slopes observed by TOTEM [11] in their three mass intervals
are BSD = 10.1, 8.5, 6.8 GeV
−2 respectively, with 15% errors.
15
we find S2SD ' 0.08 and a twice larger S2DD ' 0.16. Thus, including the suppression of the
elastic cross section and the slope factor, our estimate so far is
σDD σel
(σSD)2
' 2
6.8
0.16
(0.08)2
' 7.3. (39)
On the other hand, the TOTEM data give a much smaller violation of factorisation
σDD σel
(σSD)2
' 0.116× 25
(0.9)2
' 3.6, (40)
where here we use σDD = 0.116 mb [10], σSD = 1.8/2 = 0.9 mb
9[10] and σel = 25 mb[8, 5].
Our model already gives satisfactory values for σel and σSD. Below, we therefore consider
the possibility that a value of σDD consistent with the TOTEM results can be obtained by the
inclusion of more detailed properties of our present model: the forms of the distributions in
b-space, the multi-pomeron effects etc. The multi-pomeron vertices were already included in
our description of high-mass single dissociation, see eqs. (30) and (31).
5.2 Double dissociation and multi-pomeron contributions
We start with the simplest expression for the double-dissociative cross section, corresponding
to the process pp→ X1 +X2 diagram shown in Fig. 4(a); that is
M21M
2
2dσDD
dtdM21dM
2
2
=
g23P (t)g
2
N(0)
16pi3
(
M21
s0
M22
s0
)αP (0)−1
e2|η2−η1|(αP (t)−1) , (41)
where we have neglected the survival factor S2. Here M1 and M2 are the masses of the disso-
ciating systems from the two colliding protons, and the ηi are the (pseudo)rapidities shown on
the diagram. If we now integrate over the square of the momentum transferred, t, around the
pomeron loop, and express the opacities as a functions of their impact parameters, then (41)
takes the form
dσDD
dη1dη2
=
∫
dt
dσDD
dη1dη2dt
=
1
g4N
∫
d2b1d
2b2d
2bcΩc2(Ω12/2)
2Ω1ae
−Ωac|ba−bc| , (42)
where now we have included the rapidity gap survival factor
S2 = exp(−Ωac(|ba − bc|)). (43)
The notation (a, 1, 2, c) is specified in the diagram 4(a). Here the opacities Ω1a and Ωc2,
between the nucleon and the corresponding triple-pomeron vertex, are defined as in (10) and
(11), but since the vertex g3P = λgN , the corresponding opacity contains an additional factor λ.
In the same way, the opacity between the two triple-pomeron vertices contains a factor (λ/pi)2;
9The TOTEM result of 1.8 mb corresponds to single dissociation of both protons, in the same rapidity interval
as used for their measurement of σDD.
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see the footnote below eq.(31). In particular, assuming a pure exponential t dependence, this
opacity takes the form
Ω12(b12) = g
2
N
λ2
pi2
e2∆|η1−η2|
(
e−b
2
12/4B12
4piB12
)
, (44)
where the slope
B12 ≡ BDD = 2B3P + 2α′P |η1 − η2|. (45)
The factor 1/g4N in the denominator of (42) arises because in our normalization each opacity
Ω ∝ g2N , while cross section (41) is proportional to g4N only.
To account for the multi-pomeron vertices, we have to replace Ωc2 and Ω1a by the inelastic
interaction probabilities (1−exp(−Ωc2)) and (1−exp(−Ω1a)), while the factor Ω12/2 is replaced
by the probability of elastic parton “12” scattering, that is by (1− exp(−Ω12/2))2. Note that,
after this eikonal unitarization, we now have no divergency in σDD even in the case of a zero
slope B12; that is, even for B3P = 0 and α
′
P = 0. Such a divergency which occurs in (42), due
to the divergency of the t integral and the corresponding divergency of Ω12 for b12 = 0, is now
protected by the parton “12” scattering amplitude, 1− exp(−Ω12/2).
In addition, the multi-pomeron vertices gmn generate gap survival factors with respect to
“1c” and “2a” inelastic interactions. Overall this gives a screening factor
exp(−Ω2a(|b2 − ba|)− Ω1c(|b1 − bc|)) . (46)
Thus, finally, we obtain
dσDD
dη1dη2
=
1
g4N
∫
d2b1d
2b2d
2bc(1− eΩc2)(1− eΩ12/2)2(1− eΩ1a) ×
× exp(−Ωac(|ba − bc|)− Ω2a(|b2 − ba|)− Ω1c(|b1 − bc|)) . (47)
Typical predictions for the differential cross section of double-dissociation, integrated over the
t, are shown in Fig. 5. They correspond to our ‘global’ description of diffractive data, and
account for the kt dependence of λ, keeping all the parameters determined as described in the
previous Sections.
After the integration over the −4.7 > η2 > −6.5 and 4.7 < η1 < 6.5 rapidity intervals
covered by TOTEM, we obtain σDD = 145 µb, close to the upper bound of the TOTEM
measurement 116 ± 25 µb [10]. It is encouraging that the more physical and complicated
structure of the present model largely reconcile the discrepancy between (40) and (39).
5.3 Large Rapidity Gaps in central region, and SD and DD
The ATLAS [12] and CMS collaborations have measured the cross section of events with a
large rapidity gap, ∆ηF , which starts before the edge of the forward calorimeter (η = 4.9
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ds DD/dh 1d h 2  (m b)
h 1
h 2=-6
h 2=-4
h 2=-2
√s=7 TeV
Figure 5: The cross section (in µb) for double dissociation, dσDD/dη1dη2, at the 7 TeV LHC, as
a function of the position of the rapidity gap from η1 to η2, predicted by the present model which
gives a ‘global’ description of high energy elastic and diffractive data.
for ATLAS) and ends somewhere inside the opposite forward calorimeter or in the tracking
central detector. The ATLAS data are shown in Fig. 6, and correspond to measurements of
the inelastic cross section differential in the size of the rapidity gap ∆ηF for particles with
pT > 200 MeV. When ∆η
F decreases below about 5, the data are increasingly contaminated
by fluctuations from the hadronisation process, but for ∆ηF >∼ 5 they are a measure of proton
dissociation; in fact mainly of single proton dissociation. That is, the LRG actually starts just
from a leading proton. However, we should not neglect the contribution of events where both
protons dissociate, but the secondaries produced by one proton, say, the MX-group, go into the
beam pipe and are not seen in the calorimeter. In Fig. 6 this double dissociation contribution
is shown by the dashed curve.
It was demonstrated in [33] that, depending on the particular mechanism of hadronization,
the fluctuations may be able to account for the data at small ∆ηF . To allow phenomenologically
for such a possibility we assume an exponential dependence of this contribution, ∝ exp(−a|∆η|)
with a = 0.9. If this term is normalized to the ATLAS data [12] then it gives the dotted
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d s /dDh F (mb)
Dh
F
√s=7 TeV
DD
SD
fluctuations
+DD(low M*high M)
total
Figure 6: The ATLAS [12] measurements of the inelastic cross section differential in rapidity gap
size ∆ηF for particles with pT > 200 MeV. Events with small gap size (∆η
F <∼ 5) may have a
non-diffractive component which arises from fluctuations in the hadronization process [33]. This
component increases as ∆ηF decreases (or if a larger pT cut is used [33, 12]). Therefore the curve
at ∆ηF < 5 is shown by a thin line. The data with ∆ηF >∼ 5, which are dominantly of diffractive
origin, are compared with the present ‘global’ diffractive model.
line in Fig. 6. Recall however that the behaviour at small ∆ηF is strongly dependent on a
hadronization model as discussed in [33].
6 Discussion
The high energy diffractive data that are presently available cover a wide variety of processes.
These include measurements of the total and elastic pp cross sections (σtot, σel), the elastic
differential cross section (dσel/dt), the cross sections of low- and high-mass proton dissociation
(σlowMSD , σ
highM
SD ), the cross section of events where both protons dissociate (σ
highM
DD ), as well as
the probability of inelastic events with a large rapidity gap (dσ/d∆η).
Here, we demonstrate that all these diffractive data may simultaneously be described within
the Regge Field Theoretic framework based on only one pomeron pole. However, to reach
agreement with the data, we have to include pomeron-pomeron interactions, arising from multi-
pomeron vertices, and to allow for the kt(y) dependence of the multi-pomeron vertices. Recall
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that, due to the BFKL-type diffusion in ln k2t space, together with the stronger absorption
of low kt partons, the typical transverse momentum, kt, increases with energy depending on
the rapidity position of the intermediate parton or the multi-pomeron vertex. This kt(y) effect
enables the model to achieve a relatively low probability of low-mass dissociation of an incoming
proton and to reduce the cross section of high-mass dissociation in the central rapidity region
in comparison with that observed closer to the edge of available rapidity space – both of which
are features demanded by the recent TOTEM data.
Even though including the kt(y) dependence considerably improves the description of the
dissociation data, the overall agreement with these data is not particularly good 10. This is
mainly due to a tension between the TOTEM and the ATLAS, CMS, CDF results11. It is not
hard to improve the description of the TOTEM data on proton dissociation. We simply need a
reduction of about 10 - 15% of the starting value of λ, the parameter which specifies the muti-
pomeron coupling. However, if we do this, we will even further underestimate the M2dσ/dM2
cross section at the Tevatron, and also the probability to have a LRG in the central rapidity
region observed by the ATLAS and CMS12 groups. Here, we have tuned the model to give a
compromise solution somewhere between the CDF (ATLAS/CMS) and the TOTEM results.
It is also possible to obtain a lower value of σSD integrated over the central of the three
mass intervals used by TOTEM (while keeping the same cross sections in the low and large
MX intervals) by choosing a larger value of the parameter D. However, if we were to do this
then we would find that the probability of low-mass dissociation, σlowMD , is too small (due to
the small 〈T 2〉 − 〈T 〉2 dispersion caused by γ1,2 → 1). Moreover, the model would then give an
even steeper dσ/d∆ηF behaviour of the LRG cross sections with increasing ∆ηF . The model
already has dσ/d∆ηF growing faster than the ATLAS and CMS data.
Here, we have adjusted the parameters of the model to give a reasonable description of all
aspects of the available diffractive data. If, instead, we had performed a χ2 fit to the data,
then the few dissociation measurements of TOTEM (values of σSD in three mass intervals with
20% errors, and one value of σDD) would have carried little weight. On the other hand, all
the TOTEM data are self-consistent between themselves. Moreover, these data reveal a very
reasonable tendency of the dσSD/dξ dependence, close to that predicted in the model [35] where
the kt distribution of the intermediate partons inside the pomeron ladder, and the role of the
transverse size of the different QCD pomeron components, were accounted for more precisely.
Therefore, we have presented the results of this ‘compromised’ description (and not made a χ2
fit) in order not to discard the interesting new information coming from the recent TOTEM
measurements13.
10The imperfect description of the elastic proton-antiproton cross sections at larger |t| may be due to the fact
that at present we neglect the secondary reggeon contributions.
11Such a tension was also emphasized by S. Ostapchenko [34].
12Recall that the CMS [13] cross section of dissociation integrated over the 12 - 394 GeV MX interval (close
to, but in terms of lnMX , a bit smaller than, the interval (8 - 350) GeV chosen by TOTEM) is noticeably larger
(4.3 mb) than that (3.3 mb) found by TOTEM.
13We do not include in the present description the secondary Reggeon PPR contribution which is partly
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For completeness, we give in Table 2 the values of some of the diffractive observables obtained
from the present ‘global’ description of diffractive high energy data. We include, in particular,
the values at collider energies relevant to experiments at the LHC.
√
s σtot σel Bel(0) σ
lowM
SD σ
lowM
DD σ
∆η1
SD σ
∆η2
SD σ
∆η3
SD σ
∆η
DD
(TeV) (mb) (mb) (GeV−2) (mb) (mb) (mb) (mb) (mb) (µb)
1.8 77.0 17.4 16.8 3.4 0.2
7.0 98.7 24.9 19.7 3.6 0.2 2.3 4.0 1.4 145
8.0 101.3 25.8 20.1 3.6 0.2 2.2 3.9 1.4 139
13.0 111.1 29.5 21.4 3.5 0.2 2.1 3.8 1.3 118
14.0 112.7 30.1 21.6 3.5 0.2 2.1 3.8 1.3 115
100.0 166.3 51.5 29.4 2.7 0.1
Table 2: The predictions of the present model for some diffractive observables for high energy pp
collisions at
√
s c.m. energy. Bel(0) is the slope of the elastic cross section at t = 0. Here σSD
is the sum of the single dissociative cross section of both protons. The last four columns are the
model predictions for the cross sections for high-mass dissociation in the rapidity intervals used by
TOTEM at
√
s=7 TeV: that is, σSD for the intervals ∆η1 = (−6.5,−4.7), ∆η2 = (−4.7, 4.7),
∆η3 = (4.7, 6.5), and σ
∆η
DD is the double dissociation cross section in the two rapidity intervals 4.7 <
|η| < 6.5. At √s=7 TeV, the three ‘SD’ rapidity intervals correspond, respectively, to single proton
dissociation in the mass intervals ∆M1 = (3.4, 8) GeV, ∆M2 = (8, 350) GeV, ∆M3 = (0.35, 1.1)
TeV, see Table 1.
Recall that the slow rise of σlowMSD from a model value of 2.6 mb at the CERN-ISR energy
to the value 3.6 mb at the LHC energy of
√
s=7 TeV is due to the growth of the characteristic
momentum of the pomeron, k2t ∝ sD, see (23). We noted that this behaviour is in accord
with the TOTEM measurement of low-mass dissociation [9]. Also, as just mentioned above,
the energy dependence of the characteristic kt of the pomeron, which translates into a rapidity
dependence, kt(y), is in accord with the preliminary TOTEM measurements of σSD in the
three different mass (or rapidity) intervals, see Table 1. The decrease of the cross sections for
dissociation at
√
s=100 TeV, seen in Table 2, is because we are beginning to approach the
true black disk limit, where the probability of dissociation tends to zero, while the effective
α′eff =
1
2
dBel/d ln s of elastic slope increases.
The values listed in Table 2 for
√
s=7 TeV are highly constrained by the recent measure-
ments at the LHC. These measurements therefore largely determine the high energy predictions
of the model. When more precise and extensive diffractive data become available, and the ten-
sions between data sets are reduced, the model predictions may have to be adjusted.
‘dual’ to that arising from the G-W diffractive eigenstates. In general, it should be considered in future ‘global’
diffractive analyses, but at present it does not change the situation qualitatively. So we prefer not to introduce
the extra parameters.
21
Acknowledgements
We thank Kenneth Osterberg, Risto Orava, Paul Newman and Sergey Ostapchenko for dis-
cussions. MGR thanks the IPPP at the University of Durham for hospitality. This work was
supported by the grant RFBR 14-02-00004 and by the Federal Program of the Russian State
RSGSS-4801.2012.2.
References
[1] V. N. Gribov, A Reggeon diagram technique, Sov.Phys.JETP 26 (1968) 414–422.
[2] A. Donnachie and P. V. Landshoff, Total cross-sections, Phys.Lett. B296 (1992) 227–232,
[hep-ph/9209205].
[3] M. L. Good and W. D. Walker, Diffraction disssociation of beam particles, Phys.Rev. 120
(1960) 1857–1860.
[4] E. Gotsman, E. Levin, and U. Maor, Diffraction Production in a Soft Interaction Model:
Mass Distributions, Phys.Rev. D87 (2013) 071501, [arXiv:1302.4524].
[5] TOTEM Collaboration, G. Antchev et al., Measurement of proton-proton elastic
scattering and total cross-section at
√
s = 7 TeV, Europhys.Lett. 101 (2013) 21002.
[6] E710 Collaboration, N. A. Amos et al., p¯p elastic scattering at
√
s = 1.8 TeV from -t =
0.034 GeV/c2 to 0.65 GeV/c2, Phys.Lett. B247 (1990) 127–130.
[7] CDF Collaboration, F. Abe et al., Measurement of small angle p¯p elastic scattering at√
s = 546 GeV and 1800 GeV, Phys.Rev. D50 (1994) 5518–5534.
[8] TOTEM Collaboration, G. Antchev et al., Proton-proton elastic scattering at the LHC
energy of
√
s = 7 TeV, Europhys.Lett. 95 (2011) 41001, [arXiv:1110.1385].
[9] TOTEM Collaboration, G. Antchev et al., Measurement of proton-proton inelastic
scattering cross-section at
√
s = 7 TeV, Europhys.Lett. 101 (2013) 21003.
[10] TOTEM Collaboration, G. Antchev et al., Double diffractive cross-section measurement
in the forward region at LHC, arXiv:1308.6722.
[11] TOTEM Collaboration, F. Oljemark and K. Osterberg, “Studies of soft single
diffraction with TOTEM at
√
s = 7 TeV; LHC students poster session, 13 March 2013.”
[12] ATLAS Collaboration, G. Aad et al., Rapidity gap cross sections measured with the
ATLAS detector in pp collisions at
√
s = 7 TeV, Eur.Phys.J. C72 (2012) 1926,
[arXiv:1201.2808].
22
[13] CMS Collaboration, Measurement of diffraction dissociation cross sections at
√
s=7
TeV at the LHC, CMS-PAS-FSQ-12-005, 2013.
[14] ALICE Collaboration, B. Abelev et al., Measurement of inelastic, single- and
double-diffraction cross sections in proton–proton collisions at the LHC with ALICE,
Eur.Phys.J. C73 (2013) 2456, [arXiv:1208.4968].
[15] K. A. Goulianos and J. Montanha, Factorization and scaling in hadronic diffraction,
Phys.Rev. D59 (1999) 114017, [hep-ph/9805496].
[16] A. B. Kaidalov, “Particle production at high-energies and branching in elastic NN, piN
and KN scattering, Sov.J.Nucl.Phys. 13 (1971) 226.”
[17] J. Orear, R. Rubinstein, D. Scarl, D. White, A. Krisch, et al., Large-Angle Pion-Proton
Elastic Scattering at High Energies, Phys.Rev. 152 (1966) 1162–1170.
[18] V. A. Khoze, A. D. Martin, and M. G. Ryskin, Diffraction at the LHC, Eur.Phys.J. C73
(2013) 2503, [arXiv:1306.2149].
[19] B. Kopeliovich, L. Lapidus, and A. Zamolodchikov, Dynamics of Color in Hadron
Diffraction on Nuclei, JETP Lett. 33 (1981) 595–597.
[20] G. Bertsch, S. J. Brodsky, A. Goldhaber, and J. Gunion, Diffractive Excitation in QCD,
Phys.Rev.Lett. 47 (1981) 297.
[21] L. Frankfurt, W. Greenberg, G. Miller, M. Sargsian, and M. Strikman, Color
transparency and the vanishing deuterium shadow, Phys.Lett. B369 (1996) 201–206,
[nucl-th/9412033].
[22] N. N. Nikolaev and B. Zakharov, Color transparency and scaling properties of nuclear
shadowing in deep inelastic scattering, Z.Phys. C49 (1991) 607–618.
[23] L. N. Lipatov, The Bare Pomeron in Quantum Chromodynamics, Sov.Phys.JETP 63
(1986) 904–912.
[24] M. Ciafaloni, D. Colferai, and G. P. Salam, Renormalization group improved small x
equation, Phys.Rev. D60 (1999) 114036, [hep-ph/9905566].
[25] G. P. Salam, A Resummation of large subleading corrections at small x, JHEP 9807
(1998) 019, [hep-ph/9806482].
[26] V. A. Khoze, A. D. Martin, M. G. Ryskin, and W. J. Stirling, The Spread of the gluon
k(t)-distribution and the determination of the saturation scale at hadron colliders in
resummed NLL BFKL, Phys.Rev. D70 (2004) 074013, [hep-ph/0406135].
[27] A. A. Anselm and V. N. Gribov, Zero pion mass limit in interactions at very
high-energies, Phys.Lett. B40 (1972) 487.
23
[28] V. A. Khoze, A. D. Martin, and M. G. Ryskin, Soft diffraction and the elastic slope at
Tevatron and LHC energies: A MultiPomeron approach, Eur.Phys.J. C18 (2000)
167–179, [hep-ph/0007359].
[29] A. B. Kaidalov, Diffractive Production Mechanisms, Phys.Rept. 50 (1979) 157–226.
[30] A. B. Kaidalov, V. A. Khoze, Y. F. Pirogov, and N. L. Ter-Isaakyan, On determination
of the triple pomeron coupling from the ISR data, Phys.Lett. B45 (1973) 493–496.
[31] E. G. S. Luna, V. A. Khoze, A. D. Martin, and M. G. Ryskin, Diffractive dissociation
re-visited for predictions at the LHC, Eur.Phys.J. C59 (2009) 1–12, [arXiv:0807.4115].
[32] H1 Collaboration, C. Alexa et al., Elastic and Proton-Dissociative Photoproduction of
J/psi Mesons at HERA, Eur.Phys.J. C73 (2013) 2466, [arXiv:1304.5162].
[33] V. A. Khoze, F. Krauss, A. D. Martin, M. G. Ryskin, and K. C. Zapp, Diffraction and
correlations at the LHC: Definitions and observables, Eur.Phys.J. C69 (2010) 85–93,
[arXiv:1005.4839].
[34] S. Ostapchenko, “talk at the Int. Moscow Workshop on Phenomenology of Particle
Physics, 21-25 July 2013.”
[35] M. G. Ryskin, A. D. Martin, and V. A. Khoze, High-energy strong interactions: from
‘hard’ to ‘soft’, Eur.Phys.J. C71 (2011) 1617, [arXiv:1102.2844].
24
